As an attempt to give an unified description of quark and lepton mass matrices M f , the following mass matrix form is proposed: the form of the mass matrices are invariant under a cyclic permutation (f 1 →f 2 , f 2 →f 3 , f 3 →f 1 ) among the fermions f i . The model naturally leads to the maximal mixing between ν µ and ν τ , and with an additional ansatz, it leads to the well-satisfied relations |V us | ≃ m d /m s and |V cb | ≃ m d /m b .
Introduction
The times of the phenomenological study of the quark mass matrices have been over. However, as far as the study of the neutrino mass matrix is concerned, the phenomenological study still have the meaning. It is still important to investigate the unified description of the quark and lepton mass matrices from the phenomenological point of view.
In such a phenomenological study, the key to the unified description is to find a fermion basis on which the quark and lepton mass matrices at the unification energy scale take a simpler and beautiful form. Concerning this point, recently, Takasugi and his collaborators [1] have discussed a neutrino mass matrix on a very interesting basis, which is described by a discrete symmetry Z 3 . However, in their neutrino mass matrix model, the charged lepton mass matrix is given by a diagonal form, so that the model cannot give any predictions for charged lepton mass spectrum. And, at present, they have not applied their idea to the quark mass matrices. However, their basic idea seems to be highly promising for a unified description of quark and lepton mass matrices.
Stimulated by their idea, in the present paper, we investigate fermion mass matrices with the form 2) where the matrices E and S(θ) have been normalized as TrE 2 =TrS 2 (θ)=1. Although
Takasugi and his collaborators [1] have related the form (1.1) to a Z 3 symmetry, in this paper, we require that the mass matrix is invariant under a cyclic permutation (f 1 →f 2 , f 2 →f 3 , f 3 →f 1 ) where f i are quarks and lepton fields (f = u, d, ν, e). The form (1.1) is the most general form which is invariant under the cyclic permutation and which is Hermitian. The matrix M given in Eq. (1.1) is diagonalized by the tri-maximal mixing matrix [2] 
where ω = e 2πi/3 , as follows:
The form of M f , (2.1), may be interpreted by a generalized seesaw scenario [3] (
with m L ∝m R ∝K f and M F ∝1, where F are hypothetical heavy fermions in addition to the conventional quarks and leptons f . However, in the present paper, we do not discuss the origin of the form of M f given in Eq. (2.1) and confine ourselves to discuss phenomenological aspects of the model. Note that if we assume b f /a f = 1, we obtain the relation [5] 4) which is excellently satisfied by the observed charged lepton masses.
In Table 1 , we give values of b f /a f and θ f which are evaluated from the observed values of m f i and the relations
For comparison, we have given the values b f /a f and θ f for the following three cases: (a) the observed charged lepton masses and the running quark masses m
16 GeV in a non-SUSY scenario, and (c) the fermion masses m
GeV in a SUSY scenario (the quark mass values have been quoted from [4] ). As seen in Table 1 , the values b f /a f and θ f are not so sensitive to the renomalization group effects (evolution of the Yukawa coupling constants), because those have been determined only from mass ratios. We may read the values θ f given in Table 1 as may be accidental coincidence, and they do not need to be taken seriously.
Note that not only the down-lepton masses, but also the down-quark masses give b f /a f ≃ 1, so that the down-quark masses also satisfy the relation given in Eq. (2.4) .
[However, the value of m 
Neutrino mass matrix
We assume that neutrino mass matrix M ν is generated by the seesaw mechanism [6] , i.e.,
where M D and M R are Dirac and Majorana mass matrices,
Since we consider that in a similar way to the charged lepton sector, the Dirac mass matrix M D is diagonalized by the tri-maximal mixing matrix
2)
The neutrino mass matrix M ν given in Eq. (3.1) is written as
If the Majorana mass matrix M R is simply given by M R = m R 1, then, by using the relation
we obtain the form
When we take (m
/m R and sin 2 2θ 23 = 1. Thus, we can obtain a natural explanation of the maximal mixing between ν µ and ν τ which is suggested by the atmospheric neutrino data [7] . However, the present oversimplified scenario (M R = m R 1) cannot give |∆m
2 ) and sin 2 2θ 12 = 0 which are required for the explanation of the solar neutrino data [8] . In order to give a realistic numerical result, we must take other terms in M R and M D into consideration.
For the structure of M R , an alternative scenario is also attractive : the Majorana mass tern M (3.6) [However, M ′ R is invariant under the cyclic permutation not of ν Ri , but of ν
, the angle parameter θ must be zero :
If we take a special case b R /a R = √ 2, i.e.,
we obtain 9) and
The form of M ′ ν in Eq. (3.10) is already discussed in Ref. [9] for the case b ν = −1/2 in the "democratic seesaw" model [10] (3.13) and it is known [9] that the case b ν = −1/2 gives the maximal mixing between ν µ and ν τ . Furthermore, if we consider a special case with m
, we obtain a simple neutrino mass matrix of the form (3.14) where
. This matrix form given in Eq. (3.14) has recently been proposed by Ghosal [11] on the basis of discrete Z 3 ×Z 4 symmetries. The mass matrix M ′ ν given in Eq. (3.14) gives the eigenvalues (m 
CKM mixing matrix
If we apply the matrix form given in Eq. (2.2) to the up-and down-quark sectors, we obtain the wrong result V = 1. Therefore, let us modify the matrix K f by adding a small term c f P ω :
(4.1)
Then, the form (4.1) is not invariant under the cyclic permutation (f 1 → f 2 , f 2 → f 3 , f 3 → f 1 ). The term (ωf 1L f 1R +ω 2 f 2L f 2R +f 3L f 3R ) is transformed into ω 2 (ωf 1L f 1R +ω 2 f 2L f 2R + f 3L f 3R ) under the cyclic permutation. However, if the E and S terms are absent in the matrix K f , the form of P ω is invariant under the cyclic permutation, because the common phase factor is unphysical. We regard the small P ω term as a "form" invariant term under the cyclic permutation in the extended meaning. The modified matrix K f given in Eq. (4.1), is transformed by the tri-maximal mixing matrix V T as
